Ultrasonic velocity and absorption and shear viscosity measurements were made as a function of concentration and temperature for binary aqueous solutions of the polymer polyvinylpyrrolidone. The polymer has a molecular weight of 360 000 and was mixed with water in several concentrations ranging from 0% to 9% by weight. The frequency used was 21 MHz and the temperature range was 20 øC to 45 øC. The velocity shows a nonlinear increase with temperature and a nearly linear increase with concentration. The a/f 2 and viscosity values increase monotonically with concentration, and these values decrease with temperature.
INTRODUCTION
The polymer polyvinylpyrrolidone has commercial use in clarifying liquids. It is, therefore, worthwhile to obtain information on how it behaves in water solutions. 1'2 This study provides values for the ultrasonic parameters, absorption and velocity, and also shear viscosity as a function of concentration and temperature. These measurements should complement measurements such as light scattering; aging, and perhaps others.
The polyvinylpyrrolidone used has an average molecular weight of 360 000 and is in the form of a fine white powder. The monomer (vinylpyrrolidone) has a chemical formula C6H9ON. The powder was carefully weighed, added to doubly distilled water, and then stirred for at least 20 h to insure that it was completely dissolved. After the solution was added to the ultrasonic test cell, it was allowed to reach thermal equilibrium before measurements were made. The temperature was controlled and measured to within a few hundredths of a degree centigrade. Measurements were made up to 9% concentration by weight. The solution becomes very viscous at concentrations greater than 9% and is difficult to prepare. Our measured water values for ultrasonic absorption and velocity agree well with previous literature values. TM A check of the shear viscosity measurements was made by using viscosity-standard solutions provided by the manufacturer of the viscometer.
The absorption and velocity measurements were made with a Matec pulse-echo system that generates a train of ultrasonic pulses through the temperature-controlled cylindrical test cell. The test cell had a quartz crystal transmitter at one end. The other end of the cell had a reflector moved by a precision micrometer. As the reflector was moved, incident and reflected pulses interfered to show maxima. The distance between the maxima is the wavelength. Knowing the frequency driving the crystal and obtaining the sound wavelength allowed us to calculate the velocity. A pulse comparator signal was used to measure pulse amplitudes and, hence, the absorption. A frequency of 21 MHz was used for all of the ultrasonic measurements. Care was taken to align the metal reflector of the sound pulses in the liquid test cell, and the reflection loss was accounted for. Diffraction was not a problem at this frequency. The shear viscosity was measured with an error of less than 4% using a Brookfield model LVTD rotating-cylinder viscometer.
Light scattering (Tyndall effect) was observed for all concentrations. In addition, the Weissenberg effect, where the solution climbs up a rotating smooth rod, was observed.
This effect is a characteristic of a polymeric fluid. 5 There appeared to the eye to be little or no settling of the solutions over a period of several weeks, indicating that the solutions were quite stable to settling out of the polymer. At higher concentrationsre7% and 9%--some yellowing was seen in the solutions. there is a nonlinear increase in velocity with temperature similar to that of pure water. There is also a nearly linear increase in velocity with concentration. Measurements of the solution density with concentration at 23 øC show a monotonic increase of density with concentration. Since the velocity increases with concentration and the density does also, compressibility must decrease with concentration. This indicates, perhaps, that the molecules are forming a more tightly bound system.
II. ABSORPTION MEASUREMENTS
The results of the ultrasonic absorption measurements are presented in Table II . Each value is the average of at least four individual measurements. The error for repeatability for the values is 5% or less, except for one or two data points.
It is seen, in general, that a/f 2 increases nonlinearly with concentration and decreases nonlinearly with temperature.
The temperature behavior ofa/f 2 of the solution is generally similar to that for water.
III. VISCOSITY MEASUREMENTS
In Table III Neither the ultrasonic measurements nor shear viscosity seem to give significant evidence of a critical concentration.
